Shorter symptoms onset to emergency department presentation time predicts failure of needle aspiration in primary spontaneous pneumothorax 較短的自發性氣胸發病至到診急診科時間可預測穿刺抽吸治療失敗 PK Law 羅炳強, CT Lui 雷俊達, MM Lee 李明明, KL Tsui 徐國樑, YH Tang 鄧耀鏗 Objective: To evaluate factors in predicting the failure of needle aspiration in primary spontaneous pneumothorax, in particular the interval between symptom onset and emergency department presentation. Methods: This is a retrospective cohort study carried out from January 2010 to October 2012 in two public hospitals in Hong Kong. All consecutive adult patients aged 18 or more who attended the emergency departments in the study period with the diagnosis of primary spontaneous pneumothorax, where needle aspiration was performed as the primary treatment were recruited. Age, smoking status, previous pneumothorax, symptom interval, size of pneumothorax and aspirated gas volume were included in the analysis. The outcome was successful or failed needle aspiration. Logistic regression was used to identify independent predictors of failed needle aspiration. Results: A total of 196 patients were included. Overall, 105 patients (53.6%) were treated successfully with no recurrence upon discharge. Among those failure patient, 30 patients (15.3%) failed as evidence by the chest X-ray taken immediately after the procedure while 61 patients (31.1%) failed upon subsequent chest X-ray. Multivariate logistic regression showed factors independently associated with failure of needle aspiration included size of pneumothorax (apex to cupola distance) (odds ratio [OR]=1.022, 95% confidence interval [CI]=1.009-1.039, p=0.001) and symptoms onset to emergency department presentation time (OR=0.987, 95% CI=0.976-0.999, p=0.028). Conclusions: Large pneumothorax and shorter symptoms onset to emergency department presentation time were associated with higher failure rate of needle aspiration for primary spontaneous pneumothorax. (Hong Kong j.emerg. med. 2014;21:16-22) 目的：評估預測穿刺抽吸原發性自發性氣胸失敗的因素，尤其是症狀發作和到診急診科之間的時間間 隔。方法：這是在香港兩所公立醫院從 2010 年 1 月至 2012 年 10 月開展的回顧性隊列研究。招募所有 18 歲或以上成年個案，患者在研究期間因自發性氣胸到診急診科，並以針穿刺抽氣作為主要治療。年齡、 吸煙狀況、氣胸病史、症狀間隔、氣胸大小和吸出的氣體體積都被納入分析。結果是針穿刺抽氣的成功 還是失敗。並用 Logistic 回歸分析來確定針穿刺失敗的獨立預測因素。結果：共招募了 196 例患者。總 體而言， 105 例（ 53.6% ）治療成功並出院後無復發。失敗的患者中， 30 例（ 15.3% ）經抽氣後立 即拍胸部 X 光片確認，而 6 1 例（ 3 1 . 1 % ）在隨後的胸部 X 光檢查發現。多變量 L o g i s t i c 回歸分析 顯示針穿刺抽氣失敗的獨立相關因素包括氣胸的大小（肺尖到胸腔頂的距離） （ OR=1.022, 95%CI
Introduction
Pr imar y s pon taneous pn eumo tho rax (PS P) is pneumothorax occurring in a patient without clinically apparent lung disease. 1 The exact pathogenesis of the spontaneous pneumothorax remains unknown. 2 Many hypothesised the spontaneous rupture of a subpleural bleb or bulla [3] [4] [5] is the cause. Others 6, 7 proposed that air leaks may occur at disease portions of the lung characterised by visceral pleural porosity.
Most of PSP could be managed with observation alone, or with needle aspiration which was considered a less invasive procedure. 8 Compared with insertion of thoracostomy tube, needle aspiration is less painful and may be associated with reduced hospitalisation and length of stay. 9, 10 The reported success rates of simple aspiration ranged from 32% to 83%. 11 Persistent air leak is one of the causes for failure of needle aspiration. We observed a trend that shorter duration between symptoms onset time of pneumothorax and the time of emergency department (ED) presentation is associated with higher failure rate. We hypothesised that it takes times for the communication between the alveolar spaces and the pleura to heal up. Needle aspiration performed before the closure of the con nection may result in re-acc umula tion of pneumothorax due to persistent air leak. In this study, we aimed to explore this association.
Methods
We performed a retrospective cohort study in the ED of two regional hospitals in the same territory. All patients aged 18 or more who attended the two EDs from January 2010 to October 2012 diagnosed to have primary spontaneous pneumothorax with needle aspiration performed were included. All relevant cases were retrieved by the electronic Clinical Data Analysis and Retrieval System with the ICD-9 code 512 (Pneumothorax). Exclusion criteria were those with wrong diagnosis, traumatic pneumothorax, hydrop n e u m o t h o r a x a n d s e c o n d a r y s p o n t a n e o u s pneumothorax with pre-existing respiratory diseases. The written and electronic patient record, past medical history and the chest X-rays were reviewed.
In this study, PSP is defined as a spontaneously occurring pneumothorax in a person without clinically apparent underlying lung disease. 1 Smoking status was not considered in our definition. The symptoms interval was defined as the time between the first onset of symptoms and the registration time of the ED. The symptoms related to pneumothorax include pleuritic chest pain, chest discomfort or dyspnoea. Several characteristics including age, gender, smoking status, initial blood pressure and pulse rate, oxygen saturation by pulse oximetry, respiratory rate, previous history of pneumothorax, and side of the pneumothorax were investigated. The volume of gas that was aspirated and the length of hospital stay were also traced. The size of the pneumothorax was measured using a digital radiography of a plain chest X-ray (either posteroanterior or anteroposterior with erect position). Both the apex to cupola distance and the interpleural distance at mid-hilum level were measured in the electrical measuring methods in the digital X-rays.
Needle aspiration was performed in a standard approach at the second or third intercostal space at mid-clavicular line in the affected side. The primary outcome was successful needle aspiration which is defined as absence of recurrence or expanding pneumothorax on chest X-ray and no additional treatment procedure required for the pneumothorax within the same episode (including repeated needle aspiration, chest drain insertion and pleurodesis Odds ratios and confidence intervals were calculated. Model calibration and goodness-of-fit were assessed by Hosmer-and-Lemeshow test. Model discrimination was calculated by plotting the predicted probability to predict the outcome in a receiver-operating  characteristic (ROC) curve. The area under the ROC curve and the corresponding 95% confidence interval were calculated.
Power analysis was performed with NCSS PASS 11 software. Approval from Ethics Committee was exempted with the retrospective nature of the study.
Results
Totally 634 cases were retrieved from the database with the diagnosis of pneumothorax within the study period. 438 were PSP. The sample derivation and initial treatment modality of those patients with PSP was shown in Figure 1 . The basic characteristics of those 196 patients treated with needle aspiration were shown in Table 1 . One hundred and five patients (53.6%) were treated successfully with no recurrence upon discharge. Among those failed aspiration, 30 patients (15.3%) with evidence of failure in chest X-ray taken immediately after the procedure, while 61 patients (31.1%) with evidence of failure upon subsequent chest X-ray. Univariate analysis of outcome in term of successful needle aspiration was listed in Table 1 . The age, gender, smoking status, side of pneumothorax and history of previous pneumothorax were comparable between the group with successful needle aspiration and those which the procedure failed. There was no significant difference between the two groups in the presenting vital signs, including systolic blood pressure, diastolic blood pressure, pulse rate, oxygen saturation and respiratory rate. Figure 2 showed the box plots of symptom interval, size of pneumothoraces and aspirated volume in group of successful and failed needle aspiration. The size of pneumothorax was significantly larger in the group failed needle aspiration, in both apex to cupola distance (51.538.0 mm versus 43.023.0 mm, p=0.001), interpleural distance at hilar level (18.022.0 mm versus 14.014.0 mm, p=0.005), and the aspirated volume (11901463 ml versus 700635 ml, p<0.001). There was significant difference in symptom interval between the two groups. The median duration was 1925 hours in the group with successful aspiration compared with 4.513 hours in the group failed the procedure (p<0.001). The median length of hospital stay was 46 days in the group failed needle aspiration which was significantly longer than the group with successful aspiration (median length of stay 10 day, p<0.001). The relevant variables were entered into binominal logistic regression for confounding control (see Table 2 ). Logistic regression showed that apex to cupola distance (odds ratio Power analysis was performed for a logistic regression of a binary response variable (successful needle aspiration) on a continuous variable (symptom interval). We had taken 5% level of significance to detect a change in probability of successful aspiration from the value of 0.536 at the mean of symptom interval to 0.698 when symptom interval is increased to one standard deviation above the mean. This change corresponds to an odds ratio of 2. An adjustment was made since a multiple regression of the independent variable of interest on the other independent variables in the logistic regression obtained an R-Squared of 0.5. With 196 samples 92.8% power could be achieved.
Discussion
Pneumothorax is a commonly encountered condition in the ED. The British Thoracic Society first advocates the use of needle aspiration in 2003. 12 In 2010, the British Thoracic Society suggested that needle aspiration is as effective as large-bore chest drain and may be associated with reduced hospitalisation and length of stay. 8 In our study, independent predicting factors of failure of needle aspiration were shorter symptoms onset to ED presentation time and larger size of pneumothorax (apex to cupola distance). Apical-cupola distance was chosen to represent the size of pneumothorax.
Our study is the first study that shows the association between shorter symptoms onset time and failure of needle aspiration. With binominal logistic regression for confounding control, the odds ratio of symptom onset time was 0.987. It implied for each hour delayed for the ED presentation, the failure rate of needle aspiration is decreased by 1.3%. We hypothesised that needle aspiration performed before the closure of the communication between the alveolar space and the pleura may result in failure of needle aspiration.
Andrivet et al had published a prospective randomised control trial which failed to show significant difference between immediate and delayed (72 hours) needle aspiration (with success rate of 69%, CI 55-99% vs 65%, CI 47-83%, p=0.90). 13 The negative result would probably be accounted by the lack of association with symptom onset time in the immediate and delayed group in the previous study by Andrivet et al In their protocol symptom onset time was not controlled in the two groups.
Previous study had shown that age of more than 50 years was a predictor of failure of needle aspiration in PSP. [14] [15] [16] In fact, some of these studies only include small sample sizes 15, 16 and one study had included patients with secondary spontaneous pneumothorax. 15 Also, it was likely that these older patients (>50 years) may had unrecognised underlying lung disease. Therefore, it is not surprising to see the guideline by the British Thoracic Society regarded patient aged >50 years with significant smoking history as patient had evidence of underlying lung diseases. 8 In our study, we only include patients with PSP and the mean age of our series was 22.7 years old. And we did not show age is a significant independent predictor on successful needle aspiration.
In our study, the odd ratio for apex to cupola distance was 1.022. It means that for each millimeter increased in the apex to cupola distance, the failure rate of needle aspiration was increased by 2.2%. This is similar to the findings in some of the previous studies [14] [15] [16] [17] [18] but in contrary to others. 19, 20 The British Thoracic Society guideline use 2.5 L as the limit of aspiration volume. 8 Volume of aspiration >2.5 L is significantly associated with failure. 8, 14 The result was in line with our study. Larger aspirated volume may be related to a larger initial pneumothorax size or with persistent air leak which explained the higher failure rate of needle aspiration.
Although both the symptom onset to ED presentation time and size of pneumothorax were statistical significant predictors for the failure of needle aspiration, their significances in clinical application are unknown especially taking into the account of their small odds ratios (0.987 and 1.022 respectively). Further study is warranted to give more information about the applicability of the risk factors and their impact on the current practice of immediate needle aspiration for patients with spontaneous pneumothorax.
Limitation of study
Our study has several limitations. First of all, this is a retrospective study, the symptoms inter val was estimated based on history written on the medical record which may have significant information bias. A prospective study or a randomised controlled trial would be warranted to confirm the causal relationship. Besides, our definition of symptom interval was a surrogate marker of the symptoms onset to aspiration time. With a logistic regression model, we assumed the linear prediction of symptom onset time for pred ic tin g th e o ut co me. However th is linear relationship may not be true. For example, aspiration at 3 hours would have higher failure rate when compared with 6 hours, while aspiration at 48 hours may have similar failure rate as 72 hours. This is the intrinsic limitation of logistic regression. Using nonlinear models may make the clinical interpretation more complex and difficult. In our study, measurement of size of pneumothorax was performed with the measurement of apical-cupola distance and interpleural distance at mid-hilum. In fact, computed tomography would be the best available method for non-invasive measurement and calculation of the volume of pneumothorax. 21 However, due to retrospective study design we could only use the surrogate marker by measurement of the distances in the chest X-rays. In our study, a successful needle aspiration is defined as abs ence of recu rren ce an d ab senc e of sec ond intervention for pneumothorax within 4 weeks. There is potential bias that patient may not attend the same hospitals again for recurrent pneumothorax after discharge and the patient may default the follow-up appointment. Finally, not all suitable patients were treated with needle aspiration due to various factors e.g. physician preference or patient factors. This is a possible source of bias.
Conclusions
Large pneumothorax and short symptoms onset to ED presentation time are associated with higher failure rate of needle aspiration for PSP.
